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1.0 INTRODUCTION

g The development, fabrication, and test of three advanced development model
500-watt VHF power amplifiers to be used to increase the output of presently-
deployed RT-524 (VRC-12) VHF radios and future equipment such as the SINCGARS-V
equipment is documented in this report. The power amplifier, as defined in
US Army Communications-Electronics Command contract DAABO7-82-C-J231, is a
state-of-the-art stand-alone design utilizing a combination of the latest
design techniques in RF elements, control circuits, packaging techniques, and

-. amplifier architecture. .

* The initial amplifier module specifications and system design concepts for the
power amplifier are defined in this first quarterly technical report, which is
written in response to contract line item number 0004, data item sequencenumber C001 of the referenced contract. Also included in this report is a
description of the completed contract effort to date and a listing of expected

*.. " effort for the next reporting period.
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2.0 AMPLIFIER SYSTEM ARCHITECTURE

The major initial effort in the design of the 500-watt power amplifier has
concentrated on developing a unified approach to acheiving the desired power
output while maximizing the efficiency of the amplifier and obtaining the
highest practical reliability. To accomplish this objective, the amplifier has
been partitioned into a number of significantly derated modules with a high
degree of operating redundancy. Further, particular emphasis has been given
to making certain that the amplifier operates at its specification limits under
all conditions without requiring significant operating margins to insure that
the requirements are met under environmental or operating extremes. This goal
ia acheived through the use of a detailed control and feedback design with a
microprocessor-based centrl controller to derate the amplifier operation as
allowed. Operating together, the distributed amplifier approach with redundant,
highly derated elements and the sophisticated control capability of the system
result in a dependable, reliable amplifier.

Extending the capability of the amplifier, the information generated by the
feedback control circuits to the processor used for power control purposes also
contains significant BITE potential. This data, when combined with a logical

" internal test procedure, is capable of indicating external misapplication of
the amplifier or internal failures and both changing operating characteristics
to protect the unit while maintainng operation and signalling the condition to
the operator. Efforts have been made to maximize the value of the control data
generated within the amplifier for this purpose.

Finally, to maximize the application flexibility of the amplifier, each module
circuit is designed for maximum performance from the available components and
materials used. For example, the RF gain margins present in the power amplifier
permit operation to lower-than-specified input power levels. This feature is
incorporated in the design, permitting new, lower power equipment to drive
the amplifier to full output, saving both primary power in the driver
transmitter and reducing heat generated in the transmitter and dissipated in
the power amplifier.

The remainder of Section 2 of this report describes the amplifier module
partitioning, module interfaces, and module functions. Block diagrams and
module electrical specifications define the capability and expected operation
of the amplifier. At this time, the design of the power amplifier is being
further refined and is settling toward its final specifications as the amplifier
technology elements are being pursued. Therefore, although specifications and

. descriptions included in this report are tentative, the basic capabilities
described and design goals listed represent the current design, and little

.., change is anticipated in the design concept.

2
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2.1 VHF POWER AMPLIFIER

The VHF power amplifier is a rugged, reliable, efficient, high performance unit
capable of fully automatic push-to-talk operation with a variety of VHF driver
transmitters. Operator interface with the amplifier is limited to connecting
primary power and RF input and output cables, and turning the unit on. The
operator controls are limited to an output power selection switch which permits
selection of either the full 500-watt nominal output or a reduced 250-watt level
and a display control switch. The amplifier display may be selected from the
output forward power level, reflected power level, BITE code, or turned off.
Frequency control and keying interfaces are internally controlled based on the
RF drive signals applied.

The amplifier is composed of 17 major modules. Figure 2.1-1 is a block diagram
showing the amplifier functional partitioning. Basically, the RF input is
attenuated, then amplified by a variable gain driver amplifier and six paralleled
output amplifiers before being filtered, sampled, and routed to the RF output
connector. Support circuits include power supplies, RF power control loops,
status measuring and reporting circuits, and the system processor. These

* . circuits keep track of amplifier operation and control the RF output power
level.

The following section lists the basic amplifier functional specifications,
,-.- including inputs, outputs, and operator controls. This data represents data

contained in the controlling equipment specification, CENCOMS 31-88 dated
2 March 1981, although more detailed information concerning certain character-R istics such as output power versus operating conditions is provided.
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2.1.1 VHF POWER AMPLIFIER SPECIFICATIONS

The following specifications describe the 500-watt VHF power amplifier.

OPERATOR CONTROLS

POWER SWITCH
Turns on primary power to the unit. In off position, through
connection between RF INPUT and RF OUTPUT connectors is established.

DISPLAY CONTROL SWITCH
1. Off Blanks digital front-panel display.

2. Forward Power Displays RF forward power output in watts.

3. Reflected Power Displays RF reflected power output in watts.

4. BITE Displays BITE error code. Initial indication is
lighted decimal points in display.

POWER CONTROL SWITCH
1. 500 Watts Selects 500-watt nominal forward output power.

2. 250 Watts Selects 250-watt nominal forward output power.

OUTPUT DISPLAY
Three digit red LED hexadecimal display.
Power display - Indicates selected power level in watts with

3% accuracy at 50-watts or above.
BITE display - Three digit code indicating error source.

Codes to be determined.

CIRCUIT BREAKER RESET
Press extended control shaft to reset.

RF INPUT

1. Frequency Range 30 - 88 MHz

- 2. Input Power 3 to 100 Watts

3. Input Impedance 50 ohms nominal
Input power over 15 watts 1.5:1 max VSWR
Input power under 15 watts 2.0:1 max VSWR

4. Duty Cycle 50 percent - I minute on, I off

5. Insertion Loss - Bypass Mode
Power Off Typical 0.2 dB

Maximum 0.3 dB
Power On Typical 0.4 dB

Maximum 0.7 dB

6. Input Connector Type "N"

5



RF OUTPUT
1. Power Level -Normal Conditions Min Typ Max Units

500-watt Mode 500 512 535 Watts
250-watt Mode 225 250 280 Watts

T 2. Power Level - Stress Conditions
Output power is reduced in response to operating conditions as listed
below.

Load VSWR See Figure 2.1-2 (dB)
% See Figure 2.1-3 (Watts)

Primary Input Voltage See Figure 2.1-4 (dB)
See Figure 2.1-5 (Watts)

Temperature 1 dB reduction at initial overheat indication.
Power continues to reduce if temperature does
not decrease.

All power reductions are additive. Load VSWR reduction is automatic
for the loop control mode as shown in the Figure, and driven by the
processor with a short delay to meet the processor control limits.

3. Electromagnetic Compatibility MIL-STD-461A, Notice 4, Tailored

See Figures 2.1-6 and 2.1-7.

4. Output Connector Type "N"

PRIMARY POWER INPUT
1. Voltage 22 - 32 Volts, 27.5 Volts Nominal

Per MIL-STD-1275A (See Appendix A.3)

2. Current 65 Amps Nominal, 80 Amps Maximum

3. Source Impedance Resistive 0.1 ohms maximum
Inductive 100 uH maximum

4. Input Connector Ms90558N44NO3P

5. Power Cable
Length 12 feet
Wire Size 2 AWG
Number of Conductors 2

= Terminal Connector FSN 5935-856-8426

* 6. Safety Ground 1/4 - 28 stud provided for connection.
Safety ground must be connected to apply power.
Primary source is isolated from case except for
2 mA sense current.

6
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MECHANICAL SPECIFICATIONS

1. Temperature -51 C to 52 C Operating

-56 C to 71 C Storage

2. Humidity MIL-STD-810 Method 507.1

3. Immersion MIL-STD-810 Method 512.1

* 4. Vibration MIL-STD-810 Method 514.2

5. Shock MIL-STD-810 Method 516.2

6. Explosive Atmosphere MIL-STD-810 Method 511.1

7. Size (Inches)
HeIght 7.625
Width 21.625
Depth 13.375

8. Weight 75 pounds maximum

9. Cooling Convection

.
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2.2 POWER AMPLIFIER SUBASSEMBLY (CHASSIS) (Al)

In addition to providing a housing and heatsinking for the internal amplifier
modules, the power amplifier chassis contains the electrical interconnect
motherboard and RF cabling as well as the primary power input circuit and
EMI filter.

The DC primary input voltage is first passed through a 150-amp circuit breaker
to protect the vehicle power supply from amplifier failures. A low power, high
voltage spike supressor next clips any high amplitude spikes from the vehicle
supply. The input current is then switched by a power contactor, then again
limited by a high power, low voltage surge supressor. Finally, an EMI filter
provides filtering to internal power supply switching transients and signals
to meet the requirements of MIL-STD-461B (See Appendix A.2).

The power contactor is controlled by the front panel switch and includes a
circuit to insure that the chassis is connected to the input return line (as
it normally is in vehicular installations). This circuit passes a small bias
current through the safety ground to enable a pass transistor in the power
contactor coil circuit. The input primary lines are otherwise totally isolated
from the case in this and all other modules. This scheme provides both
reverse polarity protection and operator safety under all combinations of
possible fault conditions.

The input circuits are mounted within a closed cavity in the cast chassis front
panel area. The EMI filter is mounted to the same casting wall to preserve
EMI integrity.

The following section lists electrical parameters for the chassis circuitry.
Figure 2.2-1 shows the power input circuit configuration.

.6
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. 2.2.1 CHASSIS ELECTRICAL REQUIREMENTS

The following specifications describe the power amplifier chassis electrical
parameters.

POWER INPUT CIRCUITS
1. Circuit Breaker 150 Amps

2. Spike Supression (Bipolar) 105 Volts

3. Surge Supression 34.5 Volts Nominal
MIL-STD-1275A compatible
(See Appendix A.3)

4. Power Contactor SPST 200-Amp Contacts

5. Power Control Front panel switch with reverse polarity
protection to inhibit relay operation.

6. Safety Ground Sense Curent 2 mA maximum

7. EMI Filter
DC Power Dissipation 10 Watts maximum
Filtering Limit -120 dB at 200 kHz

RF CABLING
Interconnections to be made with minimum length cables.
At power levels below 150 watts, use RG-402 cable and SMA or equal connectors.
At power levels above 150 watts, use RG-401 cable and TNC connectors.

RF output amplifier modules (A12-A17) are connected with staggered-length
cables with input cable lengths staggered in 6-inch minimum increments. The
sum of input and output cable lengths are equivalent for all modules.

0
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2.3 BITE/MONITOR (A2)

* 1The BITE/monitor assembly is a microprocessor-based controller that performs
-all logic interface and module control functions to operate the power amplifier.

In addition, the limited operator interfaces such as power level control,
display selection, and display output are performed in this module.

The power amplifier system architecture has been set up such that the control
and BITE information generated within the modules is transmitted via a common
data communications bus. Individual modules in the amplifier bre interrogated
as required by first enabling the appropriate receiver or transmitter, then
exchanging data over a common data bus. In essence, the amplifier modules
become an extension of the microprocessor architecture. Therefore, the system
controller contains address decoding circuits to enable the amplifier modules
and a bus transceiver set for data exchange. The single data input not
included in the bus system is the RF input detector signalling line. This
input is used as a processor interrupt because of timing considerations when
fast key response times are required, such as in frequency hopping-systems.

To sample the major analog signals throughout the amplifier, a processor-
driven analog-to-digital (A/D) converter is implemented. The significant data
that needs critical processing is compared to fixed references in the
corresponding module and signalled to the processor as a digital transition.
However, data that is useful for BITE purposes or that can be updated at a
relatively low rate is transferred on the analog conversion bus. This
system uses a processor-mounted digital-to-analog converter and a low
impedance analog reference is routed to all appropriate modules. On-card

m comparators signal the comparison to the analog output digitally to the
processor to complete the conversion. This technique reduces the system
complexity by eliminating a number of A/D converters and also improves
noise immunity by eliminating a maze of small signals to be routed through
the power amplifier.

i IFinally, the clock generator for the various system timing requirements is
housed on the processor module. A 16 MHz master oscillator is the clock from
which the processor clock, the phase-staggered power supply converters, and the
input RF frequency counter signals are derived.

Figure 2.3-1 is a block diagram of the system BITE/monitor module. Major
electrical requirements for this module are contained in the next section.

'-
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2.3.1 SYSTEM CONTROLLER SPECIFICATIONS

Electrical specifications for the system BITE/monitor module are listed in
this section.

OPERATOR INPUT/OUTPUT
* : "DISPLAY CONTROL SWITCH

1. Off - Blanks digital front-panel display.
2. Forward Power - Displays RF forward power output in watts.

.m3. Reflected Power - Displays RF reflected power output in watts.
4. BITE - Displays BITE error code. Initial indication is

lighted decimal points in display.

- POWER CONTROL SWITCH
1. 500 Watts Selects 500-watt nominal forward output power.
2. 250 Watts Selects 250-watt nominal forward output power.

OUTPUT DISPLAY
Three digit red LED hexadecimal display.
Power display - Indicates selected power level in watts with

3% accuracy at 50-watts or above.
BITE display - Three digit code indicating error source.

Codes to be determined.

MINIMUM TYPICAL MAXIMUM UNITS

CONTROL/DATA INPUTS/OUTPUTS
1. Analog Reference (Input Voltage Measurement)

Voltage 0 5 Volts
Load Impedance 4 7 kohms

. 5000 pF

2. Source Select Decoding (Enables BITE/Control Sources)
Level TTL Compatible

".Load 6 LS 1"TLSense Logic 1 = High Impedance

Logic 0 = Signal Path Enabled

3. Data Transmission Path - Transmit Mode
Level TTL Compatible* Load 6 LS TTL

Sense Defined By Selected Module

*" 4. Data Transmission Path - Receive Mode

Level TTL Compatible
Load 6 LS TTL
Sense Defined By Selected Module

5. RF Input Detector Input - Signals Drive Presence
Level TTL Compatible
Load 6 LS TTL
Sense Logic 1 = No Signal Applied

Logic 0 = RF Input Present

17



MINIMUM TYPICAL MAXIMUM UNITS

FREQUENCY GENERATORS
1. Master Oscillator

Frequency 16.0 MHz
Temperature Drift/Accuracy 100 PPM
Duty Cycle 50 Percent
Level TTL Compatible
Load 5 LS TTL

2. Individual Converter Sync
Frequency 180 200 220 kHz
Duty Cycle (Inverted Logic) 9 10 11 Percent
Level TTL Compatible
Load 2 LS TTL

3. Overall Converter Sync
Phase Stagger 45 Degrees

4. Processor Clock
Frequency 5.0 5.33 6.0 MHz
Duty Cycle 50 Percent
Level TTL Compatible
Load 5 LS TTL

5. Frequency Counter
Frequency 0.999 1.000 1.001 MHz
Duty Cycle 50 Percent
Level TTL Compatible
Load 5 LS TTL

PROCESSOR BITE
Automatic self-test to be performed at power application and signalled by
lighting all display segments. Display should be blanked during test.

- DC POWER SUPPLY INPUTS
1. Logic Supply

Voltage 4.75 5.0 5.25 Volts
Current 2.5 3.0 Amps

2. 15-Volt Control Supply
Voltage 14 15 16 Volts
Current 20 25 mAmps

3. -15-Volt Control Supply
Voltage -16 -15 -14 Volts
Current 20 25 mAmps

18
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-*- 2.4 COAX RELAY/RF BYPASS (A3)

The coax relay/RF bypass module is an electromechanical RF relay bypass of the

power amplifier to provide an interconnection between the driving transmitter
and the output antenna when the power amplifier is unpowered or if a system
failure prevents normal operation. The module includes an RF input coaxial

* relay, high power vacuum RF output relay, a bypass line RF detector, and a
relay driver circuit.

The input relay is a sealed SPDT relay with coaxial terminations capable of
switching up to 70 watts RF "hot" and 200 watts "cold". Because of the power
level and equipment explosion requirements, a vacuum relay is used in the RF
output line. A simple resistively-tapped diode detector is installed in the
bypass line to signal the presence of an RF drive signal so that the relays can
be commanded to switch only when drive is not applied. An integral drive
circuit interfaces the relay coil drive current to a low level control signal.

The bypass module is assembled on a bracket and mounted to the front panel at
the RF input and output connectors.

* Electrical specifications for the bypass module are listed in the following
section. Figure 2.4-1 is a block diagram of the module.

1
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2.4.1 COAX RELAY/RF BYPASS REQUIREMENTS

The following specifications apply to the coax relay/RF bypass module.

MODE MINIMUM TYPICAL MAXIMUM UNITS

RF SPECIFICATIONS

- RF INPUT PORT
Power Level All 0 40 100 Watts

Insertion Loss
To RF Amp Input Enable 0.05 0.1 dB
To RF Output Bypass 0.12 0.2 dB

Isolation
To RF Amp Input Bypass 40 50 dB
To RF Output Enable 65 80 dB

RF OUTPUT PORT
Power Level All 550 600 Watts

Insertion Loss
To RF Amp Output Enable 0.07 0.1 dB
To RF Input Bypass 0.12 0.2 dB

3 Isolation
To RF Amp Output Bypass 25 30 dB
To RF Input Enable 65 80 dB

CONTROL SPECIFICATIONS

1 DC SUPPLY INPUT
Voltage 26 28 30 Volts
Current 100 120 mA

' CONTROL INPUT
Logic 0 Bypass
Sink Current V=1 volt max. 8 10 mA

Logic 1 Enable
Internal 3.3k ohm pull-up to 28 VDC

DETECTOR OUTPUT
RF Sense Level 1 Watt
Output Voltage 1 5 Volts

21
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2.5 POWER INPUT ASSEMBLY (A4)

The power input assembly is a front-panel-mounted circuit that is the initial
interface to the amplifier primary power source. The assembly contains only
three major parts: the input power connector, the power control switch, and
the input 150 amp circuit breaker. The components in this module connect to

- the power relay, transient protectors, and EMI filter of the chassis.

The power input assembly exists as a packaging convenience and has no particular
specifications.
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2.6 POWER SUPPLY - CONTROL CIRCUIT (A)

, u mThe control circuit power supply generates all necessary voltages for operation
of the various control, monitor, BITE, and primary power supply control circuits.
The power supply is a switching regulator operated from the vehicular supply
(See Appendix A.3) and is synchronized to a master clock to minimize conducted
emissions. The supply configuration is similar to the other amplifier supplies
(AlO and A12-A17) except that multiple secondaries are used to generate the
needed voltages. In addition, a separate low power switching supply operates
from the primary source with a totally isolated secondary to power the control
circuit supply pulse width modulator and support circuits and maintain isolation

" between the high current primary source and the chassis.

*: The voltages from the supply are used for various purposes throughout the power
amplifier. However, each voltage has a use that narrows the range and tolerance
of the output and simplifies the design of the supply. For example, the highest
current output of the supply is from the 5-volt source that is used to power

* the logic and control circuits in the amplifier. Because of the power levels
present, this supply is tightly regulated and routed directly to the loads
throughout the amplifier. A 150-volt and -5-volt supply is used to bias the
PIN diodes in the various RF switches in the amplifier. Absolute voltage
tolerance is not important for this use; however, ripple and noise must be
kept low to avoid generating spurious signals transferred to the RF circuits

* . and RF output. A dual +/- 15-volt supply is required for operational
amplifiers, comparators, and similar analog circuits. To reduce noise and
regulation requirements, and since the output power from this source is low,

' local regulation of this source to +/- 12 volts at the load is used in the
amplifier modules. A 28-volt unregulated output from the supply is used to
operate the mechanical bypass relays. Finally, a +12 to +15-volt supply powers
the control circuits of the remaining power supply regulator modules.

* Because the processor and control circuits operate from the control circuit
power supply, this module is a critical element in the amplifier system and

3I reliability is extremely important. Further, automatic BITE of this module is
- not possible because failures will result in shut-down of the BITE circuits.

*. The use of this supply to operate the remaining RF module power supplies also
* insures that damage will be minimized in the event of a failure since all

*.. !supplies will shut down in the event of a major failure of this module.

One control output generated in the control circuit power supply is the
measurement of the primary power source DC level and ripple voltage. This
information is signalled to the system controller through comparison to a
external reference voltage and is used to reduce the RF output power when

* the input voltage falls below nominal limits.

The control circuit power supply is mounted within the amplifier case and is
heatsinked to the case top cover to remove heat generated within the supply.

Figure 2.6-1 is a block diagram of the power supply and Table 2.6-1 contains
a listing of the supply loads and locations. The following section lists
electrical specifications for the module.
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*Table 2.6-1 Control Circuit Power Supply Load Currents

.Supply Voltage (V)

MODULE +5 -5 +150 +15 -15 +12 +28

A2 3000 25 25
S

A3 120

A6 270 1500 1 75 75

A7 270 1500 1 75 75

A1O 150

A12-A17 150 x6

TOTALS 3470 3000 2 150 150 1050 120

* POWER (W) 17.35 15 0.3 2.25 2.25 12.6 3.4

TOTAL POWER (W) = 53.2

NOTE: All currents listed in milliamps.
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2.6.1 CONTROL CIRCUIT POWER SUPPLY REQUIREMENTS

The following specifications describe the control circuit power supply.

CONFIGURATION Switching, coupled-inductor, current-driven
buck converter.

. SWITCHING FREQUENCY 100 kHz

MINIMUM TYPICAL MAXIMUM UNITS

DC OUTPUTS
1. Logic Supply

" DC Voltage 4.75 5.0 5.25 Volts
Ripple Voltage 0.1 Volts
DC Current 3.5 Amps

2. PIN Diode Forward Bias Source
* DC Voltage -6 -5 -4 Volts

Ripple Voltage 20 mVolts
DC Current 3.0 Amps

3. PIN Diode Reverse Bias Source
DC Voltage 130 150 170 Volts
Ripple Voltage 2 5 mVolts
DC Current 2 mAmps

4. Control Circuit Positive Source
DC Voltage 14 15 16 Volts
Ripple Voltage 50 mVolts
DC Current 150 mAnps

5. Control Circuit Negative Source
DC Voltage -16 -15 -14 Volts
Ripple Voltage 50 mVolts
DC Current 150 mAmps

6. Power Supply Controller Source
DC Voltage 8 12 15 Volts
Ripple Voltage 100 mVolts
DC Current 1.05 Amps

7. Bypass Relay Source
DC Voltage 24 28 32 Volts
Ripple Voltage 200 mVolts

* DC Current 120 mAmps
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DC INPUTS
1. Primary Power Source 1

Differential DC Voltage 21.5 27.0 32 Volts
Ripple Voltage (50 Hz-200 kHz) 14 Volts

pk-pk
DC Input Current 3.9 Amps
Supply Efficiency 65 70 Percent

1 Input voltage per MIL-STD-1275A (See Appendix A.3).m Voltage at supply processed by input circuits and EMI filter (A4 and
A1FL1).
Input DC circuit to be totally DC isolated from case ground.

CONTROL INPUTS
1. Clock (Converter Sync)

Frequency 180 200 220 kHz
Duty Cycle 9 10 11 Percent
Level TTL Compatible

* Load 2 LS TTL

2. Analog Reference (Input Voltage Measurement)
Voltage 0 5 Volts
Load Impedance 20 33 kohms

1000 pF

3. Output Select (Enables BITE Outputs)
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = High Impedance

Logic 0 = BITE Outputs Enabled

* 4. Supply Reset (Permits Recovery Attempt From Auto-Shutdown)
Level TTL Compatible

* Load 2 LS TTL
Sense Logic 1 = Normal

Logic 0 = Reset
BITE OUTPUTS1

S-1. DC Input Voltage (Signal Comparison To Analog Reference)
Input Attenuation Factor 6
Signal Threshold 0.0 Volts
Output Level TTL Compatible
Output Load 4 LS TTL
Sense Logic 1 = Voltage Below Reference

Logic 0 = Voltage Exceeds Reference
2. AC Input Voltage (Signal Comparison Peak Voltage To Analog Reference)

Input Attenuation Factor 4

Signal Threshold 0.0 Volts
Output Level TTL Compatible
Output Load 4 LS TTL
Sense Logic 1 = Voltage Below Reference

Logic 0 = Voltage Exceeds Reference

1 Outputs are Tri-State TTL and are enabled by OUTPUT SELECT line.

All outputs are high impedance unless selected.
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2.7 FILTER/DIRECTIONAL COUPLER (A6)

The low pass filter and directional coupler module contains the final RF output
bandpass shaping and power control circuits for the power amplifier. The
combined output of the six RF power amplifiers is first passed through the
switched low pass filter set to remove harmonic signals generated during the

* amplification process. Because the frequency band is over one octave, two
low pass filters are used, with the proper filter selected by the control

, processor based on the input frequency counter output. An RF directional
coupler follows the filter assembly to sample the output forward and reflected

*, power components. The sampled power signals are detected, and a high gain
power control loop and power reference generator in this module create the
feedback control signal to the variable attenuator in the driver amplifier to
control the output power level.

The lowpass filter and switch assembly includes two purchased filters: one
for operation with 30-52 MHz fundamental signals and the other for the
52-88 MHz band. The input switch routes the amplifier output through either
filter, while the output switch selects either a filter output or the amplifier
bypass path from the RF input processor. High power series-shunt PIN diode
switches select the proper RF path, and interface circuits create the proper
bias levels from TTL compatible command inputs. To speed the switching
transition times, direct pull-up or pull-down circuits to the bias supplies
sequenced by a control circuit to avoid simultaneous conduction are used.
Figure 2.7-1 is a block diagram of this circuit and Section 2.7.1 contains
the electrical specifications.

The output coupler is implemented as a stripline backward-wave coupled line
assembly with capacitively-compensated outputs to obtain a leveled output
response. The circuit is built on a low loss controlled dielectric substrate
and sized to obtain the desired coupling factor and to handle the power levels
required. Section 2.7.2 contains specifications for the coupler.

Finally, the control and protect circuits consist of a number of wide bandwidth
amplifiers to generate error signals for power correction and various circuits
for status feedback and BITE generation to the system controller. Section 2.7.3
contains the electrical specifications for this portion of the output module,
and Figure 2.7-4 is a block diagram of the directional coupler and the control
circuits.

28
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2.7.1 LOW PASS FILTER SUBASSEMBLY

The following specifications describe the low pass filter subassembly.

MINIMUM TYPICAL MAXIMUM UNITS

RF SPECIFICATIONS
30 - 88 MHz except as noted

LOW BAND FILTER (See Figure 2.7-2)

*HIGH BAND FILTER (See Figure 2.7-3)

FILTER INPUT SWITCH
Switch Type SPDT

Input Power 650 750 Watts

Insertion Loss - To either output 0.1 0.15 dB

Isolation - To disabled path 30 35 dB

FILTER OUTPUT SWITCH
• Switch Type SP3T

Input Power
Filter Ports 600 650 Watts

Bypass Ports 40 100 Watts

Insertion Loss - All paths 0.1 0.15 dB

Isolation - To both disabled ports 30 35 dB

ASSEMBLED UNIT
Input Return Loss - Over band

of selected filter 14 20 dB

Insertion Loss - Over band of
selected filter 0.52 0.6 dB
- 2nd Harmonic 50 dB
- 3rd Harmonic 50 dB
- 4th Harmonic 60 dB
- To 3 GHz 60 dB
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MINIMUM TYPICAL MAXIMUM UNITS

3CONTROL INPUTS
1. Filter Select

Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = 30-52 MHz Filter

Logic 0 = 52-88 MHz Filter

2. Amplifier Bypass
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Amplifier Bypass Enabled

Logic 0 = Power Amplifier Connected

3. Output Select (Enables BITE Outputs)
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = High Impedance

Logic 0 = BITE Outputs Enabled

BITE OUTPUTS
1

1. Low Band Filter Selected (Status of series diode bias)
Protect Threshold Normal Forward Bias
Output Level TTL Compatible
Output Load 4 LS TTL
Sense Logic 1 = Normal

Logic 0 = Failure

2. High Band Filter Selected (Status of series diode bias)
Protect Threshold Normal Forward Bias
Output Level TTL Compatible

, Output Load 4 LS TTL
Sense Logic 1 = Normal

Logic 0 = Failure

3. Bypass Selected (Status of series diode bias)
Signal Threshold Normal Forward Bias

- Output Level TTL Compatible
Output Load 4 LS TTL

* Sense Logic 1 = Normal
Logic 0 = Failure

4. High Voltage Present
Signal Threshold 100 120 Volts
Output Level TTL Compatible

' Output Load 4 LS TTL
Sense Logic 1 = Normal

Logic 0 = Failure

1 1 Outputs are Tri-State TTL and are enabled by OUTPUT SELECT line.
All outputs are high impedance unless selected.
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MINIMUM TYPICAL MAXIMUM UNITS

DC POWER SUPPLY INPUTS
1. Logic Supply

Voltage 4.75 5.0 5.25 Volts
Current 100 120 mAmps

2. PIN Diode Forward Bias
Voltage -6 -5 -4 Volts
Current 1.2 1.5 Amps

3. PIN Diode Reverse Bias Source
Voltage 130 150 170 Volts
Current 0.5 1 mAmps
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2.7.2 DIRECTIONAL COUPLER SUBASSEMBLY

The following specifications apply to the directional coupler subassembly.

MINIMUM TYPICAL MAXIMUM UNITS

RF SPECIFICATIONS

30 - 88 MHz except as noted

INSERTION LOSS - THROUGH LINE 0.1 0.15 dB

THROUGH LINE IMPEDANCE 50 Ohms

C COUPLED LINE IMPEDANCE 50 Ohms

COUPLING FACTOR
Forward Power 32.8 33 34.2 dB
Reflected Power 32.8 33 34.2 dB

DIRECTIVITY
Forward Line 26 30 dB
Reflected Line 26 30 dB

- RF POWER LEVEL
Forward 570 600 Watts
Reflected - Continuous 150 Watts
Reflected - 1 Second 600 Watts

COUPLED PORT LOAD
Adjustable shunt capacitor and full-wave detector (See 2.7.3)
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2.7.3 CONTROL/PROTECT CIRCUIT SUBASSEMBLY

The following specifications define the control and protect circuits.

MINIMUM TYPICAL MAXIMUM UNITS

RF INPUTS (Directional Coupler Sample)
1. Forward Power Sample 0.25 0.38 Watts

2. Reflected Power Sample 0.38 Watts

3. Source Impedance 50 Ohms

DETECTOR
Full-wave rectifier with matching temperature compensation output
on each RF input. Negative output voltage with applied power.

1. DC Output Voltage Range
(Differential) -5 1 Volts

2. Compensation Voltage
(Room Temperature) 0.25 Volts

3. Coupler/Detector Adjustment -1.190 -1.200 -1.210 Volts

Set 1 capacitor and 1 variable resistor to specified value at
50 watts forward power at 30 and 88 MHz.

4. Detector Load Impedance 1.8 kOhms
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" MINIMUM TYPICAL MAXIMUM UNITS

AMPLIFIER CONTROL LOOP
1. Feedback Inputs

Forward Voltage (Ef) -5 1 Volts
Forward Voltage Temperature

* Compensation (Efc) 0.25 Volts
Reflected Voltage (Er) -5 1 Volts
Reflected Voltage Temperature

* Compensation (Erc) 0.25 Volts
" Load Impedance (All inputs) 1.8 kOhms

2. Control Equation -((Ef)-(Efc)) - 0.2 ((Er)-(Erc)) = Reference Voltage

3. Reference Generator
DC Reference (Adjustable) 0 5 Volts

Frequency Multiplier: 0-1 multiplying factor to DC reference
8-bit latched binary input
TTL compatible input - 2 LSTTL loads max.

Power Control Multiplier: 0-1 multiplying factor to DC reference
8-bit latched binary input
TTL compatible input - 2 LSTTL loads max.

Reference Risetime 100 uS

4. Control Output
Load Impedance 2 kohms

100 pF

Range -10 10 Volts

5. Control Loop Dynamics
DC Gain 50 60 70 dB

Gain at 25 kHz 30 dB

Unity Gain Frequency MHz
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MINIMUM TYPICAL MAXIMUM UNITS

CONTROL SIGNAL OUTPUTS
1. Forward Power

• :Buffer Amplifier - Inverts detector output and compensation

Peak Detecting Sample and Hold - Sample forward detector voltage
Enable Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Hold Mode

Logic 0 = Sample Mode

Output Comparator - Compare S/H output to analog reference
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Voltage Exceeds Reference

Logic 0 = Voltage Less Than Reference

2. Reflected Power
Buffer Amplifier - Inverts detector output and compensation

Peak Detecting Sample and Hold - Sample reflected detector voltage
Enable Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Hold Mode

Logic 0 = Sample Mode

Output Comparator - Compare S/H output to analog reference
Level TTL Compatible
Load 2 LSTTL
Sense Logic 1 = Voltage Less Than Reference

Logic 0 = Voltage Exceeds Reference

3. High VSWR (Signals VSWR greater than 3.0:1)
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = VSWR Less Than 3.0:1

Logic 0 = VSWR Exceeds 3.0:1

* 4. Overpower (Signals output forward power greater than 575 watts)
Level TTL Compatible

- Load 2 LS TTL
Sense Logic 1 = Normal

Logic 0 = Output Exceeds 575 Watts
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MINIMUM TYPICAL MAXIMUM UNITS

CONTROL SIGNAL INPUTS
3.1. Power Control Select Lines (2)

Input 1 Frequency Control Word - Enables input latch to receive
8 bit power correction factor versus frequency.

Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Normal

* Logic 0 = Enable Latch

Input 2 Power Control Multiplier - Enables input latch to receive
8 bit correction factor for amplifier protection.

Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Normal

Logic 0 = Enable Latch

. 2. Power Sample Command - Enables forward and reflected S/H circuits
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Hold

Logic 0 = Sample

3. Analog Reference Voltage
Voltage 0 5 Volts
Load Impedance 20 33 kohms

1000 pF

4. BITE/Control Signal Output Enable Enables output signals
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Normal

BE U L-ic 0 = Enable* BITE OUTPUTS'

1. Loop Reference
(Signal Comparison Of Loop Reference Voltage To Analog Reference)

Signal Threshold 0.0 Volts
Output Level TTL Compatible
Output Load 4 LS TTL

- Sense Logic 1 = Voltage Below Reference
Logic 0 = Voltage Exceeds Reference

2. Loop Output
(Signal Comparison Of Loop Output Voltage To Analog Reference)

Signal Threshold 0.0 Volts
Output Level TTL Compatible
Output Load 4 LS TTL
Sense Logic 1 z Voltage Below Reference

Logic 0 = Voltage Exceeds Reference

1 1 Outputs are Tri-State TTL and are enabled by output select line.
All outputs are high impedance unless selected.

9.
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MINIMUM TYPICAL MAXIMUM UNITS

DC POWER SUPPLY INPUTS
* 1. Logic Supply
* Voltage 4.75 5.0 5.25 Volts

Current 100 150 mAmps

2. 15-Volt Control Supply
Voltage 14 15 16 Volts
Current 50 75 mAmps

" *3. -15-Volt Control Supply
" Voltage -16 -15 -14 Volts

Current 50 75 mAmps
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2.8 RF INPUT PROCESSOR (A7)

After passing through the RF fail-safe mechanical relay assembly (A3), the RF
1 input processor performs the initial modification of the characteristics of the

input signal. The primary function of this module is to attenuate the wide-
ranging input signal level to sub-bands at a maximum level compatible with the
RF drive amplifier (All) and to detect and count the frequency of the RF drive
signal.

! -The driver signal is first passed through an electronic PIN diode switch
assembly where it is routed to one of four paths, either the RF bypass to the
amplifier output or to one of the three attenuator sections. A sample of the
output signal is also routed through an attenuator and buffer amplifier to a
frequency counter and level detector. The selected attenuator output is
finally routed through an output switch and connected to the variable gain
driver amplifier.

The input processor primarily functions to limit the drive level to the
driver RF amplifier. Although the driver amplifier can withstand the highest
expected input level, the full dynamic range of the system cannot be obtained
with the amplifier attenuator alone. The input processor switches one of two
fixed attenuators or, at low drive levels, a through connection into the input

* RF path according to the drive level present. The selected attenuator is
normally the highest attenuation, but is reduced to a lower level by the
processor if the full output is not acheived after a short time delay. After
switching to a lower level, that level is maintained as long as power is

* Eapplied unless the input suddenly increases. A hardware reset increases
attenuation when drive levels increase beyond the desired level. Control
signals feed back the selected attenuation in addition to the frequency and
input level to the power amplifier system control processor.

* -The input processor is mounted inside the power amplifier case in an inclosed
plug-in module. Because of the power dissipation with high driver powerm mlevels, a substantial heat sink is used to move the heat to the case heat

*exchanger.

- Electrical specifications for the input processor are contained in the following
section and Figure 2.8-1 contains a functional block diagram of the module.
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2.8.1 RF INPUT PROCESSOR SPECIFICATIONS

Electrical specifications describing the function of the RF input processor
module are listed in this section.

MINIMUM TYPICAL MAXIMUM UNITS

RF INPUT
1. Power Level 3.0 40 100 Watts

2. Input Impedance 50 Ohms

3. Input VSWR
Input over 15 watts 1.5

* Input under 15 watts 1.5 2.0

RF OUTPUT POWER 2.8 12 Watts

FREQUENCY COUNTER
1. Input Sensitivity 27 30 dBm

2. Resolution 1 MHz

3. Clock Input 1 MHz

5 4. Update Period 2 uSec

5. Counter Signal Isolation
to RF Input 60 dB

6. Output 8 bit Binary Word
TTL Compatible

!. RF INPUT DETECTOR
1. Detector Threshold 23 26 dBm

*2. Signal Output
Level TTL Compatible
Load 6 LS TTL
Sense Logic 1 = No Signal Applied

Logic 0 = RF Input Present

4.
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MINIMUM TYPICAL MAXIMUM UNITS

*o RF ATTENUATOR
1. Attenuation Levels 0 dB

5 dB
9 dB

2. Attenuator Switch PIN Diode Configuration
Insertion Loss/Section 0.1 0.15 dB
Switching Time 25 uSec

3. Input Bypass
Insertion Loss 0.1 0.15 dB
Off Isolation 25 30 dB

CONTROL INPUTS
1. Attenuator Select - Determines selected input attenuator

Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = No Change

Logic 0 = Reduce Attenuation 1 Step

2. Bypass Select
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Amplifier Connected

Logic 0 = Bypass

3. Input Enable - Enables input transceiver for control commands
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Normal

Logic 0 = Input enabled

4. Counter Output Select
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = High impedance output

Logic 0 = Output frequency word

5. BITE Output Select
. Level TTL Compatible

Load 2 LS TTL
Sense Logic 1 = High impedance output

Logic 0 = Output BITE status

6. Analog Reference Voltage
Voltage 0 5 Volts
Load Impedance 20 33 kohms

1000 pF
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MINIMUM TYPICAL MAXIMUM UNITS

CONTROL/BITE OUTPUTS
1. Amplifier Bypass Selected

Level TTL Compatible
Load 6 LS TTL
Sense Logic 1= False

Logic 0 = Bypass Active

2. Attenuator = 0 dB
Level TTL Compatible
Load 6 LS TTL
Sense Logic 1 = False

Logic 0 = 0 dB Active

3. Attenuator =5 dB
Level TTL Compatible
Load 6 LS TTL
Sense Logic 1 = False

Logic 0 = 5 dB Active

4. Attenuator = 9 dB
Level TTL Compatible
Load 6 LS TTL
Sense Logic 1 = False

Logic 0 = 9 dB Active

5. 150-Volt Supply
Level TTL Compatible
Load 6 LS TTL
Sense Logic 1 = Normal

Logic 0 = Failure

I 6. -5-Volt Supply
Level TTL Compatible
Load 6 LS TTL
Sense Logic 1 = Normal

Logic 0 = Failure

7. -12-Volt Supply
- Level TTL Compatible

Load 6 LS TTL
Sense Logic 1 = Normal

Logic 0 = Failure

S.- 8. RF Input Level (Comparison Of Detected Input To Analog Reference)
Signal Threshold 0.0 Volts
Level TTL Compatible
Load 6 LS TTL
Sense Logic 1 = Voltage Below Reference

Logic 0 = Voltage Exceeds Reference
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MINIMUM TYPICAL MAXIMUM UNITS

DC POWER SUPPLY INPUTS
1. Logic Supply

Voltage 4.75 5.0 5.25 Volts
Current 150 200 mAmps

2. PIN Diode Forward Bias
Voltage -6 -5 -4 Volts
Current 1.2 1.5 Amps

3. PIN Diode Reverse Bias Source
Voltage 130 150 170 Volts
Current 0.5 1 mAmps

4. 15-Volt Control Supply
Voltage 14 15 16 Volts
Current 20 50 mAmps

5. -15-Volt Control Supply
Voltage -16 -15 -14 Volts
Current 20 50 mAmps
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2.9 SPLITTER - SIX-WAY (A8)

The six-way RF power splitter is a passive device that divides the output of
the RF driver amplifier into six equal parts to uniformly drive the six
paralleled RF output amplifiers. The splitter is matched to the combiner (A)
such that the driver amplifier power is split and summed in amplitude and

- phase to minimize RF losses. In addition, isolation between output ports is
required to minimize interaction between amplifiers (to avoid potential
feedback conditions) and to reduce the input VSWR in the event of an output

*m RF amplifier failure. Balance between outputs insures equal sharing of the
output load between amplifiers.

The power splitter consists of an impedance transformation circuit and a power
*• splitter that essentially divides the output of the low impedance common

summing node to the six 50-ohm output ports while maintaining a good input
impedance match. Ballast resistors provide output isolation in the event of an
output amplifier failure by effectively replacing a portion of the failed
output load. In normal operation, the voltage at all outputs is identical,
resulting in no loss in the resistors. Low loss ferrites are used in the
transformer and divider to minimize shunting currents in the transmission line
shields and insure proper voltage division.

Since the power splitter contains no active circuits, no explicit BITE circuits
are included. A failure in this module will be identified as no output from
any of the six output amplifiers when the driver amplifier is active or as no
output from a known-good single output amplifier. Both conditions should be

*] -. identifiable from a visual inspection as a failed connection.

* The key design objectives for this module are low insertion loss and uniform
power division.

Electrical specifications for the power splitter are listed in the following
section. Figure 2.9-1 is a block diagram of the six-way splitter.
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2.9.1 POWER SPLITTER DESIGN REQUIREMENTS

Electrical characteristics of the six-way power splitter are listed below.

FREQUENCY RANGE 30 - 88 MHz

- NUMBER OF OUTPUT PORTS 6

MINIMUM TYPICAL MAXIMUM UNITS

INPUT FORWARD POWER 65 80 Watts

INSERTION LOSS 0.2 0.35 dB

INPUT/OUTPUT IMPEDANCE 50 Ohms

INPUT RETURN LOSS 14 20 dB

OUTPUT AMPLITUDE BALANCE 0.2 0.25 dB

OUTPUT PORT ISOLATION 15 20 dB

* DUMP RESISTORS 35 Ohms
20 Watts

CONNECTORS
Input SMA Series
Output SMA Series
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2.10 COMBINER - SIX-WAY (A9)

The six-way RF power combiner is a passive device used to sum the outputs of
the six RF power output amplifiers to a common 50-ohm output line. The
combiner is essentially a mirror image to the power splitter and is designed
to handle much higher power levels. Because of the output power required from
this module, significant effort is necessary to minimize losses and guarantee
adequate voltage breakdown capability.

Section 2.9 contains a general description of the operation of the power
combiner. The following section lists the electrical requirements of the
module, and Figure 2.10-1 is a block diagram of the unit.

2.10.1 POWER COMBINER DESIGN REQUIREMENTS

Electrical specifications for the RF power combiner are listed below.

FREQUENCY RANGE 30 -88 MHz

NUMBER OF INPUT PORTS 6

MINIMUM TYPICAL MAXIMUM UNITS

OUTPUT FORWARD POWER 650 750 Watts

INSERTION LOSS 0.2 0.35 dB

INPUT/OUTPUT IMPEDANCE 50 Ohms

INPUT RETURN LOSS (Each Port) 14 20 dB

AMPLITUDE BALANCE 0.2 0.25 dB

INPUT PORT ISOLATION 15 20 dB

DUMP RESISTORS 35 Ohms
250 Watts

CONNECTORS
Input TNC Series
Output TNC Series

so
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Figure 2.10-1 Six-way RF Power Combiner Block Diagram
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2.11 POWER SUPPLY - DRIVER AMPLIFIER (AlO)

The driver amplifier power supply is a switching regulator to provide primary
power voltages to the companion RF driver amplifier (All) and isolate the
amplifier from the vehicular supply (See Appendix A.3). The switching converter
is synchronized to an external clock and is operated 180 degrees out-of-phase
from a similar input level control circuit power supply to reduce conducted
switching emissions. Further, the input source lines are totally isolated from
the equipment case to minimize chassis currents. A separate ground-referenced
control circuit power source is provided by the control circuit power supply
(A5) to operate the supply controller.

* Several BITE outputs are generated in the supply to permit monitoring by the
* system controller (A2) of both the power supply and the RF driver amplifier

operation. BITE outputs include over- and undervoltage sense and a foldback
current limit circuit and output level indicator.

Because of the high efficiency of the switching regulator, this assembly is
mounted within the equipment case. To minimize EMI exposure to the output
lines, the module is located adjacent to the load (All).

Electrical specifications for the power converter assembly are listed in the
following section. Figure 2.11-1 is a block diagram of the power converter.

0
lo
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53



2.11.1 DRIVER AMPLIFIER POWER SUPPLY REQUIREMENTS

The following specifications describe the power supply assembly.

CONFIGURATION Switching, coupled-inductor current-driven
buck converter.

* SWITCHING FREQUENCY 100 kHz

MINIMUM TYPICAL MAXIMUM UNITS

DC OUTPUTS
1. Amplifier DC Supply

DC Voltage 26.5 28.0 29.5 Volts
Ripple (Components to 1 MHz) -20 dB
Ripple (Components above 1 MHz) -90 dB
DC Current 0 4.2 5.0 Amps

NOTE: Current reduces linearly by approximately 0.4 dB/volt for
input voltages below 27.5 volts. See Figure 2.1-4.
Supply to include current limit circuit to fold-back at
loads above 5.0 amps.

DC INPUTS
1. Primary Power Source 1

Differential DC Voltage 21.5 27.0 32 Volts
Ripple Voltage (50 Hz-200 kHz) 14 Volts

pk-pk
DC Input Current 6.5 Amps
Supply Efficiency 80 83 Percent

1 Input voltage per MIL-STD-1275A (See Appendix A.3).
Voltage at supply processed by input circuits and EMI filter (A4 and
AiFLI).
Input DC circuit to be totally DC isolated from case ground.

2. Switching Converter Control Source
DC Voltage (Ground Referenced) 8 12 15 Volts
Input Current 150 mAmps
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MINIMUM TYPICAL MAXIMUM UNITS

5 CONTROL INPUTS
1. Clock (Converter Sync)

Frequency 180 200 220 kHz
Duty Cycle 9 10 11 Percent
Level TTL Compatible
Load 2 LS TTL

2. Analog Reference (Output Current Measurement)
Voltage 0 5 Volts
Load Impedance 20 33 kohms

1000 pF
Conversion Factor 1.45 1.5 1.55 Amps/Volt

m 3. Output Select (Enables BITE Outputs)
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = High Impedance

Logic 0 = BITE Outputs Enabled

4. Supply Reset (Permits Recovery Attempt From Auto-Shutdown)
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Normal

Logic 0 = Reset

BITE OUTPUTS
1

1. Overvoltage (Signal Overvoltage Protect)
Protect Threshold 30.0 Volts
Output Level TTL Compatible
Output Load 4 LS TTL
Sense Logic 1 = Normal

Logic 0 = Protect

2. Undervoltage (Signal Undervoltage Protect)
Protect Threshold 26.0 Volts
Output Level TTL Compatible

- Output Load 4 LS TTL
• . Sense Logic 1 = Normal

Logic 0 = Protect

3. Current (Signal Comparison To Analog Reference)
* * Signal Threshold 0.0 Volts

Output Level TTL Compatible
Output Load 4 LS TTL
Sense Logic 1 = Current Below Reference

Logic 0 - Current Exceeds Reference

* 1 Outputs are Tri-State TTL and are enabled by OUTPUT SELECT line.
All outputs are high impedance unless selected.
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2.12 RF DRIVER AMPLIFIER ASSEMBLY (All)

The driver RF amplifier assembly amplifies the attenuated RF input signal
to a level sufficient to drive the six combined RF output amplifiers.

" -Although this amplifier is similar in design to the output amplifier, there
are several key differences in design requirements. First, the amplifier and
corresponding power supply are separated because of packaging volume
constraints. As with the output amplifiers, the driver must also perform

:. into high load VSWRs. However, because this amplifier drives the output
amplifier modules, which are deliberately mismatched to obtain improved
gain flatness versus frequency, the driver must be capable of operating into
a high load VSWR at the low frequency end of the band under normal conditions
without obtaining a power reduction to reduce stresses. The driver amplifier
is also designed using smaller transistors to obtain higher gain to permit
operation with low-level transmitters and to obtain lower capacitive feedback
to minimize VSWR-induced oscillatons. Finally, the driver amplifier contains
the variable-gain element of the power control feedback loop.

Amplifier protection and BITE is provided via the driver amplifier power
supply (AlO). This protection function is achieved by limiting available

* primary power to the amplifier transistors. BITE is obtained by checking that
the amplifier is drawing DC current when driven. Because the driver amplifier
is a single line in the amplifier chain (no redundancy), reliability of this
module is essential to operation of the power amplifier. All parts are
significantly derated to extend reliability. The paralleled amplifiers also
reduce the stresses on each individual amplifier.

The RF driver amplifier assembles directly to a plug-in finned heat exchanger
mounted to the rear of the equipment case. All heat-producing parts are
fastened directly to the heatsink to obtain maximum cooling efficiency. Key
design factors to reduce heat are to maximize gain and efficiency while
maintaining ruggedness to operate under the conditions described.

Electrical specifications for the driver RF amplifier assembly are provided
in the following section. Figure 2.12-1 contains a block diagram of the

- driver amplifier.
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" 2.12.1 RF DRIVER AMPLIFIER ASSEMBLY REQUIREMENTS

*t The following specifications describe the RF driver amplifier.

CONFIGURATION Quadrature-Combined, Variable Gain, Push-Pull,

Class AB Biased RF Amplifiers

RF TRANSISTORS Two 80-watt, 175 MHz, Field-Effect Parts

FREQUENCY RANGE 30 - 88 MHz

RF OUTPUT
1. Nominal Forward Power 65 Watts Maximum

NOTE: The driver amplifier sees the load VSWR of the combined RF output
amplifier assembly plus the translated antenna (load) VSWR on a
continuous basis. At low frequencies where driver amplifier load
VSWR is poor, output amplifier gain is high to compensate for
saturation. Linearity must be maintained and damage may not occur
under any load VSWR condition with continuous drive applied. DC
input current is limited to 5 amps under all conditions.

2. Harmonics NUMBER MAX. LEVEL (dBc)

2 -20
3 -10
4 -30

Higher -30

3. Spurious Outputs -100 dBc max. greater than 1 MHz from the carrier.

RF GAIN
LOAD VSWR = 1.0 BIAS = 10 Volts

FREQUENCY (MHz) MIN. GAIN (dB) MAX. GAIN (dB)

30 15 22
8 14 18

* GAIN CONTROL CHARACTERISTICS
1. Dynamic Range (12 Watts RF Input)

30 MHz 23 dB Minimum
88 MHz 17 dB Minimum

2. RF Input Power Range 2.5 to 12 Watts Continuous
100 Watts Maximum - 1 Second

141O 3. Input Impedance 2 kOhms
100 pF

4. Control Voltage Range -10 to 10 Volts

58

i



RF INPUT MATCH
LOAD VSWR = 1.0a FREQUENCY (MHz) MIN. RETURN LOSS (dB)

30 -15
88 -15

DC INPUT POWER
MINIMUM TYPICAL MAXIMUM UNITSV

1. Amplifier DC Supply
DC Voltage 26.5 28.0 29.5 Volts
Ripple (Components to 1 MHz) -20 dB
Ripple (Components above 1 MHz) -90 dB

2. Efficiency-Current (Output = 65 Watts, Load VSWR = 1.0, 30-88 MHz)

Output Efficiency 50 55 75 Percent
Current 4.2 4.6 Amps

BITE
No explicit BITE outputs available. BITE via corresponding power
supply output current.

CONNECTORS

1. RF Input and Output Automatic PMMA Series

2. DC and Control AMP Modu Series

'O
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2.13 RF OUTPUT AMPLIFIER (A12 - A17)

The RF output amplifier assembly provides the gain and output power capability
to overcome losses in the output circuits and achieve the 500-watt output level
required. This assembly must be capable of operating into the load VSWR of the
antenna system, which at VHF is relatively uncontrolled and typically ranges up
to 5:1. Since the amplifier is to be used in a moving vehicle, the load will

Lvary with time and position of the vehicle. Further, the amplifier module
includes an integral power supply regulator to isolate the RF amplifier from
the widely-varying vehicular supply (See Appendix A.3) and to provide the
required voltages for the amplifier and its bias source.

Six output amplifiers are paralleled to achieve the required power output.
A combiner and splitter provide the necessary isolation between amplifiers
and also phase-stagger the load impedance seen by each amplifier. There-
fore, when operating into high load VSWR's, amplifiers saturated because
of the load presented are compensated by the other amplifiers of the set, and
the full required output is obtained. The switching power supplies are also
phase-staggered to reduce switching transients at the power amplifier input
and reduce conducted emissions.

Reduction of amplifier module stresses resulting from operation at extreme
conditions is provided via integral protection circuits and from the monitor*' and control functions of the system processor assembly (A2). Internal
functions include supply shut-down in response to over- or undervoltage
conditions and a current limit circuit to limit the available power to thq
RF amplifier transistors when operating into high-current load VSWR phases.
Protection conditions are signalled to the system controller for further
response as required. The processor acts to reduce output power in response

" to out-of-range input voltages, high load VSWR, excessive temperature, circuit
. failures, etc. All parts are significantly derated to extend reliability.

*All output amplifiers are identical in design and construction and are mounted
directly to finned heat sinks assembled about the equipment case periphery
to obtain maximum cooling. Because the unit is convection cooled, the RF
amplifier and power supply subassemblies are designed for maximum efficiency
and gain to minimize heat dissipation.

Electrical specifications for the output amplifier subassemblies are listed
in the following sections. Figure 2.13-1 contains a block diagram of the

e output amplifier.
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2.13.1 RF POWER AMPLIFIER SUBASSEMBLY REQUIREMENTS

The following specifications describe the RF power amplifier.

CONFIGURATION Push-Pull, Class AB Biased RF Amplifier

S•RF TRANSISTORS Two 100-watt, 175 MHz, Bipolar Parts

FREQUENCY RANGE 30 - 88 MHz

RF OUTPUT
1. Nominal Forward MAX. POWER (W) LOAD VSWR TIME

Power
125 1.0 Continuous
105 3.0 Continuous
100 5.0 1 Second
70 5.0 Continuous
95 10.0 1 Second
50 10.0 Continuous
90 Infinite 1 Second
32 Infinite Continuous

NOTE: RF drive will be present to attempt to achieve listed short-term
output. Saturation of the amplifier under this condition is
acceptable, but damage must not occur. Listed power into VSWR is 1/6
of total output requirement and assumes equal load sharing. DC input
current will be limited to 9 amps under all conditions.

2. Harmonics NUMBER MAX. LEVEL (dBc)

2 -20
3 -10
4 -30

Higher -30

3. Spurious Outputs -100 dBc max. greater than 1 MHz from the carrier.

RF GAIN
LOAD VSWR = 1.0

FREQUENCY (MHz) MIN. GAIN (dB) MAX. GAIN (dB)

30 12 18
88 11.25 15

RF INPUT MATCH
LOAD VSWR = 1.0

FREQUENCY (MHz) MIN. RETURN LOSS (dB)

30 -2
88 -10
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DC INPUT POWER
MINIMUM TYPICAL MAXIMUM UNITS

II 1. Amplifier DC Supply
DC Voltage 26.5 28.0 29.5 Volts
Ripple (Components to 1 MHz) -20 dB
Ripple (Components above 1 MHz) -90 dB

2. Bias Source Supply
n DC Voltage 3.6 4.0 4.4 Volts

Ripple (Components to 1 MHz) -20 dB
Ripple (Components above 1 MHz) -60 dB

3. Efficiency-Current (Output = 125 Watts, Load VSWR = 1.0, 30-88 MHz)

Output Efficiency 55 60 75 Percent
S .Current

Amplifier 7.5 8.1 Amps
Bias Source 0.1 0.3 0.9 Amps

4. Bias Source Output

Output Voltage1 (250C) 0.3 0.55 Volts
Spurious Content -90 dB

1 Adjust with a select-at-test resistor to voltage greater than 0.3 VDC
that corresponds to 11.5 dB minimum RF gain at 88 MHz with a maximum
voltage limit of 0.55 VDC.

BITE
No explicit BITE outputs available. BITE via integrated power
supply output current.

CONNECTORS

1. RF Input and Output Automatic PMMA Series

2. DC and Control AMP Modu Series
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2.13.2 POWER SUPPLY SUBASSEMBLY REQUIREMENTS

The following specifications describe the power supoly subassembly.

CONFIGURATION Switching, coupled-inductor current-driven
buck converter.

SWITCHING FREQUENCY 100 kHz

MINIMUM TYPICAL MAXIMUM UNITS

DC OUTPUTS
1. Amplifier DC Supply

DC Voltage 26.5 28.0 29.5 Volts
Ripple (Components to 1 MHz) -20 dB
Ripple (Components above 1 MHz) -90 dB
DC Current 0 7.5 9.0 Amps

NOTE: Current reduces linearly by approximately 0.4 dB/volt for
input voltages below 27.5 volts. See Figure 2.1-4.
Supply to include current limit circuit to fold-back at
loads above 9.0 amps.

2. Bias Source Supply
DC Voltage 3.6 4.0 4.4 Volts
Ripple (Components to 1 MHz) -20 dB

. Ripple (Components above 1 MHz) -60 dB
DC Current 0.01 0.3 0.9 Amps

NOTE: Bias source load is directly proportional to the output
supply load.

DC INPUTS
1. Primary Power Source1

Differential DC Voltage 21.5 27.0 32 Volts
Ripple Voltage (50 Hz-200 kHz) 14 Volts

pk-pk
DC Input Current 11.75 Amps
Supply Efficiency - 9 Amps 78 80 Percent

- 7.7 Amps 80 83 Percent

1 Input voltage per MIL-STD-1275A (See Appendix A.3).
S.i Voltage at supply processed by input circuits and EMI filter (A4 and

A1FL1).
Input DC circuit to be totally DC isolated from case ground.

2. Switching Converter Control Source
DC Voltage (Ground Referenced) 8 12 15 Volts

- Input Current 150 mAmps
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MINIMUM TYPICAL MAXIMUM UNITS

CONTROL INPUTS
1. Clock (Converter Sync)

Frequency 180 200 220 kHz
Duty Cycle 10 12.5 50 Percent
Level TTL Compatible
Load 2 LS TTL

2. Analog Reference (Output Current Measurement)
. Voltage 0 5 Volts

Load Impedance 20 33 kohms
1000 pF

Conversion Factor 2.9 3.0 3.1 Amps/Volt

3. Output Select (Enables BITE Outputs)
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = High Impedance

Logic 0 = BITE Outputs Enabled

4. Supply Reset (Permits Recovery Attempt From Auto-Shutdown)
Level TTL Compatible
Load 2 LS TTL
Sense Logic 1 = Normal

Logic 0 = Reset

BITE OUTPUTS1

1. Overvoltage (Signal Overvoltage Protect)
Protect Threshold 30.0 Volts
Output Level TTL Compatible
Output Load 4 LS TTL

' Sense Logic 1 = Normal
Logic 0 = Protect

2. Undervoltage (Signal Undervoltage Protect)
Protect Threshold 26.0 Volts
Output Level TTL Compatible
Output Load 4 LS TTL
Sense Logic 1 = Normal

Logic 0 = Protect

3. Current (Signal Comparison To Analog Reference)
Signal Threshold 0.0 Volts
Output Level TTL Compatible
Output Load 4 LS TTL
Sense Logic 1 = Current Below Reference

Logic 0 = Current Exceeds Reference

1 Outputs are Tri-State TTL and are enabled by OUTPUT SELECT line.
All outputs are high impedance unless selected.
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3.0 RESULTS

The amplifier module specifications and design characteristics described in
Section 2 establish a basis for the detailed design and function of the
individual amplifier modules. When completed, the compliant individual

*: modules will permit the desired performance goals for the 500-watt amplifier
to be acheived.

In addition to the system definition for the power amplifier, a number of
contractual data items have been completed and submitted during the first
quarterly reporting period. This data includes:

- Radioactive Material Report

. Nomenclature Request

.* Nameplate Request

. Preliminary Reliability Prediction

* Electromagnetic Inteference Control Plan

A program kick-off meeting was held with CECOM technical and contract personnel
* on 12 October 1982. During this meeting a number of design modifications and

potential problem areas were discussed. Major issues and preliminary oral
resolutions are listed below.

* RF Input Connector. A change to type "BNC" connectors on the RF input
was discussed to make the amplifier compatible with the RF output
connector used on the RT-246 (VRC-12) and SINCGARS radios. A
recommendation was made to keep the originally-specified type "N"
connector based on MIL-STD-461 RE02 radiated emissions requirements
and the poor leakage performance of the type "BNC" connectors.
The present design connector is as originally specified.

Power Control Switch. A request to add a switch enabling the
operator to select a lower output level was made, with a level of

*. 250-watts suggested. The current design approach includes this switch.

Right Angle DC Power Connector. Because of the length of the DC power
cable and connector extension beyond the amplifier chassis, a
consideration of adapting the input connector to a right angle
configuation was made. Subsequent analysis of the cost impact and the
discovery of the true flexibility of the cable have resulted in this
issue being abandoned.

Manual Keying. A request to eliminate manual keying was made based on

the lack of a tactical use of this feature and the fact that the
amplifier response in automatic key mode would be the default mode of
operation when manually keyed to avoid output power overshoot resulting
from keying the amplifier before RF drive was applied. Problems with
Problems with the automatic frequency counter - filter select circuit
function which unkeys the amplifier in response to frequency changes
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* Tto prevent damage caused by driving the incorrect low pass filter were
also explained. This characteristic prohibits the use of wide range
swept input signals with the amplifier. The present design eliminatesI -the manual key operating mode and input circuits.

Power Connectors. Potential vehicle problems with handling the
amplifier primary supply current using the specified connector were

I- discussed. A specification error in the connector stuffing tube
Federal Stock Number was also corrected. CECOM engineers have

1 investigated the connector rating problem and decided that the
specified part will perform as intended. The equipment power cable
will be terminated at the vehicle end with the specified connector.

The amplifier specification, CENCOMS 31-88 dated 2 March 1981 reproduced
in Appendix A.1 has been modified to incorporate the verbally-discussed
modifications. Formal notification of these changes has still not been
received at this time.

The following government-furnished property has been received to be used in
support of the amplifier testing phase of the development program:

2 Transceivers RT-246/VRC

. 2 Handsets H-250/U

2 Technical Manuals TM 5820-401-34-2

I Two power connectors, GCU-3444/VRC, are still outstanding.

Finally, a relatively large number of electrical parts orders has been placed
for long-lead and firm-design components. Although some parts are promised
beyond the desired delivery dates, no particular problems have been encountered
that cannot be worked-around at this time. Purchase orders will continue

m to be monitored, especially on devices requiring special burn-in screening, to
. insure that deliveries are met. Purchasing and component selection efforts

'. are continuing.
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>" 4.0 FUTURE EFFORT

During the next reporting period, refinement of the next level of detail
of the amplifier design will be accomplished. The design of the system

*- controller software and BITE isolation procedures will also begin. This
effort will include a study of the system timing and response periods to

*: external effects.

"* Fabrication of the initial parts for the deliverable advanced development models
is scheduled along with continued procurement of electrical parts for the
amplifier modules. Documentation efforts for the amplifier design will also
begin in the next reporting period.
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APPENDIX A.1

CENCOMS 31-88 AMPLIFIER SPECIFICATION
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3.1 Enolneertni obective. A rugged a.plifier .... an be built f6ro
estabilshed stae-af-cne-art technology in solid state. RF high Power
Amplifiers in the VHF frequency range.

3.2 Develowimnt oblectives;

a. A power amplifier which can be used to increase the transmitter
power level (4a watt nominal) of kV tactical RM radios.

b. High efficiency resulting In a do current drain compatible with
Internal vehicular power supplies.

c. Mnmm size censurate with performance requirements and
rimsonable cost.

- d. Capable of Interfacing with the RT-524A/VRC or future Sl?.CSA .V
'radio-in an auatic PFT -operation.

'  e. SMT1 be primarily employed fn vehicular mounted fM577 tjpe)
* mconfIgurations.

3.3 Deuan consfderations

3.3.1 Frec:uenc-v runce. 30 to 88 M44z. The specified rn.e shall be ctriered
.In not more tan tnt. Li) ftequenc- bands, which can be mnually selected by teo

operator. Within each frequency band, there shall be no tuning required by the
operator when chansing the operating frequency.

3.3.2 SuooT vltz. 27.5V dc nominal. 22-32'Y dc range and transients
per NIL-STO-1Z75.

3.3.3 .Sy . Irn-dance level. The system Input and output impedance leveTs
shall be 50 otim, noinal.

3.3.4 Inout drIve'aer. A-W nominal. With an rnput vswR of 2:1. v-'e
available power from the 4rive source Is reduced by not re than 1 d3 fr= the

anminal.

3.3.5 Cutout owr. For a drive power as specified in 3.3.4, the Yariation
In the output forwara power (referenced to the nominal 500 watts) shall not excaeed
the limits given below.

Tolerance in the output Supply Voltage Load VS*R
forward oower variation (d) (Volt OC)

42,0 27.5s
0 *2, -1 27.5 3.0

+1. -2.5 22 1
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3.3.6- Maximum urrent drain. The maximum current drain from the vehicular
paWer supply snail not excaeo &UA In all operating conditions specified herein.

3.3.7 0uU 5ycle. The amplifier shall be capable of contInuous 1.0
minute on and ,0i minute off operation, with a goat of cdntinued 30 minutes
On and 30 minutes off.

3.3.8 am protection. The equipment shall be protected against reverse
supply voltage connection. Thermal protection shall be provided against both
inadvertent continuous duty operation of the aml ifier, and operation under
res tricted ventilation.

3.3.8.1 Protection against inf.nite VSWR. No permanent damage shall
occr to the equipmentif It is keyed contInuously into an infinite load
YSWR of any phase at any frequency within the operating band.

3.3.8.2 Hot switching orotection.. The equipment shaTi be protected from
ay damage against inadvertent switching from one frequency band to another

* " wile In transmission of rf.

S3.3.8.3 Out-of-band drive oortectl on. The equipment shall be protected
against any damage when driven by a full nominal drive and: a. The
drive frequency is out of the selected band frequency but wit tn the 30-8
.tz range.

3.3.8.4 In-band overdrive orotection. The equipment shall be protected
against any damage when driven by an input, within te 30-88 M1z band, greater
than the nominal rating byup to a muuiuof 3d.

3.3.8.5 Vehicular, soul, m-ortetion. The equipment shall have a fuse
or circuit breaker in is power U/t/QFF 11ne to disconnect the power from the
vehicle to the eupmn.t in the event of equipment malfunction (i.e. short
circuit). This safety feature maust insure protection to the vehicular
power supply.-I

3.3.9 Keying Control. Automatic keying controls shall be
provided. The keTng control shall place the amplifier either in
transmit or receive mode. In the receive mode, the amplifier is by-
passed between the RF input and output connectors with a minimum

* Insertion loss.

3.3.9.1 Automatic Mode. In the automatic mode no operator handling,
other than primary power "O/OFF", shall be necessary. The amplifier
keying shall be controlled by the RF input drive. The automatic keying
shall not present infinite VSWR load to the driver while the RF drive

* - is present. The maximum amount of time allowable between presence of
501 of nominal RF drive and full power-up of the amplifier shall not
exceed 50 milliseconds.

3.3.10 Bite. The equipment shall provide a means of self-testing.
This self-test shall be used to monitor equipment performance and perform
preliminary diagnosis. Bite shall be able to be conducted vithout having to
dismantle any part of the equipment.
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3.3.11 Cables/Connctors/Switches. The equi pent shall have cables and
Connectors as set tort below:

3.3.11.1 ON/OFF Svitch. The equtpmnt shall have a manual primary
Power ON/OF switco on tre front pa.'el.

3.3.11.2 RF connectors. The equipment shall have type NO rf connec-
tors for.input and output of rf signals.

3.3.11.3 Power cable and connec!or. The equipment shaTi be.pro vided witkthe follaling power cable/fcanector.
a. The power cable shall be approximately 12 feet long. One and shall have i

Mendlx* Connector Asse.ly which Is -mposed of a Cnnector, Plug. Electrical (.sedt l
FSN 5935--6-8425 and an Adapter (DBqdx) Staffing Tube Ch in) FSt 5935-892-8931.
This cable end shall mate with the power receptacle on the vehicle. No other systm
"fnction shall be tncluded In this cable/connector combtnation.

3.3.12. Physical chance'lwtics. The equipment shall conform to ft physical
specification ser fort- oelow.

3.3.12. ize The volum and [epth dimension of the eWipment shalt be as
follows:

a. Volum a OG cuilc Inche muli...- -

b. Oapf - 14 inctes mxion

. - 3.3.12.2 s.,oht. The SVImnt shall have a maxi weig.0t of no more than

3.4 Nuclear survivability. V

3.5 Environmoetal Condition.

a. Htt tu.oe -tw.

(11 22~tIg no equipment 0~ali Wu operable without demrdation it
specified perormnc at abent air temperaumr as gft.as 1250F f,-s1.7rc).

- (2) Storae and trnsportation. The equipment shall witftand exposure
to ambient air tmpera su as miga as I6OPF C710CI.

b. Low toeratur.-

S..() Wring. The equip ent shall. baroperable without deqradation in
spwlled perfoimni aimbient togprtures as low as -600F C-oOOCI,

(21 St:ors and trinsoortation. The equipment shall withstand exposure to
iient airt .tam ,turs as low as -ig..- (.-S6OC).
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U 3.5.,. Humidt. The equitmnt sall be operable without degradatlon in specified
performnces an snail sustain no phystcal damage, during and after prolonged excpmure
to exrm htgh -huadity levels as encwmtered In tropical areas.

3.5.3 E.closive atnosohe.v. Tht equipmnt shall not cause, Ignition of an ambient-
exp losive.gaseous mixture with arr when operatin n such an ats=phtra.

3.5.4 Vlbratin. The equipmnt shall withstand vibration and shock
induced durinq fied transpoft by military vehicle and/or as part of a
vehicular installation over all types of reads and oss conry terrain.
Dt equipment shall also withstand shok encountered during rough handling
.ud .servicing. The equiment :installed' wlthin or upon an armored vehicle
shall be resistant to high level shock caused by ballistic Impact, air
blat explosions and similar combat field conditions.

3,5.5 r.ergo n.. The equimnt s,%all be Capable of being imm-sed
to a covering dapth of 3 feet of watar;

.. Eectrouiaanetic intei Nnrence.

2.6L. Electria.neim e mfssion and suscept bility.. The amplifier.
when oerating and PerIorming its Intmnad funct ons, sni canply with
the following requirumiwit of M1L,-ST061.B.

csoi = RMO (a) R=3 (c)

CZ5bi C06

i! a. Conducted and radiated switcHng transients shall comply
With L.-ST-"411 limits secJfisd In figure4-and paragrarp

b Spurousa misslum shall t . held CdS 5eloW the carrier.

c. rhe Mield stregth levels and ftdulation charactarlsq..cs for
"4 iRSO3 shall be as follW s:

h-.q. t m Q . field /S Mod. QaracteIstcs

"%OK- 1,. - , I kk tone
AH 5m50., 1 kz ton*

,0.47l 3N, 8 kdz Daev., I kHz ton
714W . MOAM, ,, I kt ton
4001-2% Pulse 0.1 mlcrosec., 400 PPS

5 Pulse 0.1 adcrosec., 400 P"S

t4
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3. no.~mi . ameplifier shall be designed wit
~aqate priion for a ng te unit. TMe bonding shall not be
accmplshed Owhmaugh tin Scesthat ana used to munt thes unit. Shoack
monits. or vibration Isolators, If empoyed, shall utillua banding smap
to bypass the muts or isolators. landinw Ipers. Wmn used, shall be
of the solid, irtl type atd shall be as. shot a possible with Imt to

* wVidah ratlas not exceding 9 Ut 1. TMe surae betng banded Ugmtbxr
Shall be f,'i of all high, Ugedoa el am Cm. The Ilqeda=c be'u a
sinle metalto-mtal nth* suface shall not med2.5 .illiw.
Upon comleton of thet banding assmly &d ascrilmnt of the specified
bondig odas ad -the ciltod assli - shall be rsfinlslied
with the orginal finish or other protectve f~nisft In accordance with

3.6.3 C~~sadcnet. Coaxial' cables shall be of the double
shelded type, wcbesa nav thei sheds termninated in conw-
tori with OM? backshell Uo provde peripheral banding of the shields.
The cauinctor shall shall be fin of nancaductive finishes and provide
positive banding and groundIng With voting cannecr and the wnilt Oassis

Thet mpad a m. A h - ingle notin cnnection shall not owee

1.7 MI'lailit . The reliability design goal foe the UO waV.
poer~ woptie StleIo a minn-tne-Germen failure of 4800 hours.
Aakevinmnt of this reqtrmnt shall be verified by a detailed stress
analysis reliability prodictlon-Per MIL HPBYK- 217.

3.8 ftrs. M2arfes and ara-Cnw Octriffc compnent par",
deyfcws ninlst uauuquns am P "1a01091", including inia"-elCIMnia,
shall confbu Un NUPL-4G.

3.9- Makig Pbkftngs shall cofore Uo NIL.N-13M3.

3.10 eatens. Colon shalT be T~r green in aboolanc with
NU.-P-14072 8U"442335A.

L* 3.12st finishes shall be in accoidnca with NIL-A-14072.

3.1Z orinsh a. Wornship shall be In accordance with require-
wt 2 of PMU-M.

LU~ ~ ~ Thtt na e equIPM. design criteria shall be in
ICCMdW C W1=TIVOof Federal Regulations, capter XYU?, Part

Mlf. 60ccupatiaral SafeWv and HiaTts Standards,Q Rquirinent 1. NZL.Sl0).
* 464; aid pasregrooi entitled %ahellrg aid Nazads and Safety of

XN.-STD-l472, and shall includa but not be limited Uo the following:

3.13.1 ftL ah stm shall be designed to Minimize
Mhe probabl t7andI saveyo in ;f to personnel throughout the syso
life cycle. Persone safty Is an1" lue oquirinmut of the equipmnt

* at shall not be considered a candidate for trade-off.
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3.,3.t14, lft. The system design shall Include tho
sa 91 " in I vis tII aragrph entitled Olmical * of

•,t 1. MaLPSTD- a.d amwng:

a. tWsed edges shall' be rouinded t In Ilniu radius of
CLO$InckCLm), madezposed corners toa inimumof 0.1 inch (12,7m).

kz Ads a provisioun for T4TfMi and handlin shall be

Prvo Ir

pv Id. n accordance with paragraph entitled 8fit Design for Efficient
Handlinvo.' M1LT04472

c. Admqa safeguards. shall be Installed. to prevent Inedtver-
tant ainrament of body' parts and cloting In moving peu.

d. Caoor cding of Indicator lights shall emnt' with Table 11.
MoS"TO-%472.

.. 23.L.Z c ldfrin- . la sys design shall Include the
pMoIsfuis call the pa&;rliu entitled UVecriai! of Requremmnt 1,.NI-T.6 i h fobmu

a. Acdntal contact wfit crrurt-carryinq etal compnents,
_owInils. and like divic (greater than 70 volts) shall be con-olled

-- b"y the following:

"") W connection (bare terminals) shall be protac with
Insulated sleevng- (NIL-1-2M05/.

(31l All contacts, tmuufnals, and Mie devices other than wire
omnmciCwan shall be prvided with barriers or guards to prevent operating

ad minIan pemel fro accidental contact. These arriers or guards
shall be anutacr fre- a -asparen, nRangductive iterial (Insula-

* tinEfa rufstom s"aI be not Iess Owa MW0 negohe) and shallI be inrled
With mhe apui highest voltage (nearest round nmber) and current
type, Which way be encounterd upon iwova 1. The inrting shall be in a
I Una In aordance Wth merialn National Standards bsit:te (ANSI)
Z3.1- and wred u fMllM: *1IMON 4zIi Voltage applicable)

' Volt 6 (or' OC idm applicable).

* (3) 1T opening. shll be provided (where needed) in guards
or-b rriers for inmitnance. testing without the removal of the guard.
The voltp encountered through th es openings shall bearked an the
pu, or barrier.

b. Chmmurt over I volts. shall be cletely inclosed and
interlacked, wi th na bypass, devIces petted ad shall be mrked Ini

-accrdance with paragraph entitled* 9rnn ftfting.a RequI -uite 1.

c.. Scke connectors, designed to pevent personneI* frem
acclin taT conticl wilk potentially hazardous, voltage, shall be used an
.l.a..calTy u~eiizat cP-uc h as p.ww inurce.

* "> . hw radio int,erfoen fiTters art ued in the por input.
*flturs shall' mota only capacitors befti each side of the line aft

cassis wdic are, sfficently low in value to allo less than 5 milli-
wa of curruit to flow to the chassis uider Mhe most adverse conditions

of IirI p -P m and linE voltage permitted by the individual
test eUPIpan spec1f4cation.

a. Positive acting, atmtcaly actuated discharging devices
shell be provided to discharge high voltage cirwuItL and capacitors fm
30 volts within Z seconds or les.

f. Rtuutpusshall have deadl-frot construct an per
1975 Artcle 4.0.-1(4).
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3.13.1.3 af .a The systes design shall Include as
ftflwhiig prov slas

a. Me materital or comnent viuich during a"y phase of the life
QOIS4 will M~v tic Vae, vapam, fkies. or droplets shall be used
in as Sys.

b. No touati ng aterfals sh&IT be used that are Identified In
the, Tle bstmnc List (published by Natioanal Istitute for Occupational

Safety and Health) that will produce toxic effects via the respirator
troact, we, skin (cutaneous andsbuanos br inmuth. This Includes
handling Use toeated material during flabrcatous, bransportatlon, operation
or mintenance at IMe parts In uAich the treated mtrials are used or during
use of Use finished part Wst Wsed for the purpose intended.

3.=3 [Wont Saftr.
a. The syte shall be designed to minimize equip dinmge.

degradatio, of efficluscy or mission failure due to Use following conditions:
(1) opertor Induced ers;

(Z) Meroper, cabling
(3) Power failure or electrical. overstiess on C~Onen"ts.

(4) ScOnry failures

(5) testalTation, storage. opertion, handling, mainteanea and

br. Specific design tehiques far apiuist protection shall
Incduds Use following:

CZ) CectrIcal' overload Protection shall be In accordance vith
Aremelnt 8, NILSTO-W5. All fuse position shall be muted with the
rate CM rrent C1pacty of U*s fame to be emloyed therein. Fiuse positions;
far delayedmection fames shall have the additional designation SL01.
Per "bayanet" tYpe fuse. Use contract nearest thie Insertion end shall
be at ground patent al Wwe Use foe is miwd

(2) Positive m shall be prwifdad to prevent the Inadverten
resmrsing or asmatInq of Insewsoit leads And electrical cuuuiections.

3.13.3 MIvrwimaftal safet.
* ft radioactive mterial shall be iatlized wiout prior

sras. approval of th ntai goffi cer (patential sources of radiation
* ~Include luinous dials/urlings, elcto tubes. surge arrestors and lense).
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U 3.14 The contractor shall provide drawings for identification plates
(data item AO1), Nomenclature Request (A0023, Level 1 Drawings (AO03),
Operation/Matitnance Manual (BO01), Scientific and Quarterly reports
(COOl, C002, COO) and Presentation Material (OOT)

3.15 Repair and Mtintenance

The contractor shall accomplish fault identification and effect
repairs to restore to operational capability to NOW RF Power Amplifier
units being utilized In Developmenat and Operational testing (Dr/OT/1 on
an on-call basis during the test period. The contractor shall have a
cognizant technical representative with the necessary equipment and
eaterials on-call during this test period to provide these services. The
contractor must have technical personnel at the designated area within

.. 24 hours after receipt of the oral notification.

3.16 Refurbishment

Imediately following OT/OT, the equipment shall be returned to
the contractor's plant for refurbisfuent, the extent of which will be

" determined at that time, after which the equipment will be sent to
Fort Monmouth, NJ for Final Acceptance.
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4. QALZTY USURANCE PROVISIONS

4.1 Asonsibi1ity for Instection. Unless otherwise specified In
the contract or pur.ne order, th contrctor Is responsible for the
performance of all inspection and test requirements a specified herein.
Likewise, the contractor may use his om or any other facilities suitable
for the performance of the inspection and test. requirements specified
herain, unless disapproved by the Government. The Goverment reserves the
right to perform any of the Inspections and tests set forth in the
specification where such inspections and tests are demd necessary. Test
equipmnt and facilities for Governmnt tests. and Inspection
shall be made available by the contractor. The Government reserves the
right for authorized technical representatives to witness any contractor

7performed inspections and/or tests.

4.2 Inspeclon covered byvsusbidiaa doM. nts. The following shall
be Inspected under the applicaole subsidiary documents as part of the in-
spections required by this specification.

__Weom Reouired

Parts, Materials and Processes 3.8
Iarklng 3.9
Colors 3.10
Finish 3.11

4.3 Visual and mechanical Inspection. Equipments shall be examined
for defecs tn compliance Mn ML.-5T.-ZZ. This inspection shall be per-
formed to dtermine compliance with 3.12.

4.4 Qual1 conformance insoection of eauloment before oreoarstion
for delive,. The contractor, to amonstrace ccpalance with specifiea
requIremau, shall perform the Inspections and test specified in 4.2. 4.3,
4.5, 4.6 and 4.7 of this specification. This does not relieve the contractor
of his responsibility for perform4ng any additional inspections and/or
tests, which are daemed necessary to control the quality of the product
and to assure that all requirmments are met for all specified functions and at
all frequencies within the specified tuning range. The contractor shall
make available, for Government review, inspection and test procedures, inspection

* and test records and test data. Test data shall be pmared for eqch equip-
mt tasted by the contrctor or his agents. The data shall present the
vact results of measurements made or readings observed and shall be ex-
pressed in the same terms as expressed by the requirements. Check marks,
X "X, ditto marks or stata mets that requIrements were met, will not be

coastrued as necessary data unless approved in advance by the Goverment.

In addition, the Govenment a I's discretion and wltfcut notice'
elsewhere in the contract may parlor. ins;ections and/or tests Independent
of the inspections and/or tests required to be performd by the contractor.
Such Inspections and/or tests shall be for all or any part of the specified
inspections/tests to verify the contractor's compliance with specified re-
quirets, Test equipment to be used by L Gover ent respresentatives for
sUch tests shall be made available by the contractor. Further, all facilities
and services necessary for the placwmt, operation and maintenance of
Mesa test equiment Shall be provided by the contractor.
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Sl4. Lectrical tests. lecV tcal tests shall be performed fn
accordance wirtha contractor prepared, Government approved test plan.

4.6 Environmental tests. Environmental test shall be performed In
accordance with e lovernmenmt approved test plan and the requirent of

;paragraphs 4.6.1 through 4.6.7 of this specification.

.4.6.1 Temoeature.

4.6.1.1 Hih temeraturse. The equipment shall be subjected to the test of
Ihthod 501.1, Procedure II, of MIL-ST-O70. For Step 7, the chamber
amperature shall be adjustad to 51.70C (-700F). Low operating temperature

(Step 4) shall bM .51C C-40oF).

4.6.2 Huirfdity The equipment shall be subj.ected to the tast of
Vatftod 507.1 O N~IL- S710, Procedure It or III depending on tte design
of the equipment. Procedure ITT shall be used if the equipment contains.
areas normally sealed during operation by gasket orother non-heruwetic
type seal. In Step 7 of Procedure III, the chassis shall be removed from
Its enclosure or the test item shall be otheise opened so as to expose
the normally sealed areas to th. chamber environment. In Step 6 of either
procedure, measurements shall be taken during the last 5 hours of the~last cycle.

4.6.3 Vibration and shock.

4..3"1 Vlbration."

a.. Par?. The equipmnt in iti trnsit case. if any, shaT
be Subected to ethod 514.2, Procaure XI, Part 2 of IL4-ST0-810.
Operate the test Item and record performance electrical test munurments.
Inspect- Me tsit 1m mchanically.

b. Part 11. The equimnt shall be subjected ta the test of
Ythaod 514.2. P wedure VITT, Catigo f_ Curve W of Figure 514.2-4 of
AML-SM-MaO. The time schedules sirea j; in accordance wft Table 514.2.
Vt. At the conclusion of the above tast, visually Inspect the test itam
for any evidence, of mechanical damage and operate the test Itam and czmpare
the resul ts with pre-9.refovunce test data.

4.8.3.2 Shock. The euomit shalT be subjetted to the tests of
-- -- ehod 16.2, V ure 11 and V of MIL-S-410. quipments to be Installed

In or upon armored ype vehicle shall be subjected to the test of .MIL-S-
901 .for Type A, tghtweight equipment. Mounting of the equipment on the
tat plate shall simulate the mst seve t e condition which may be enc.-untared
In service.

4..4 Lm irgio. The equipment shll be subjected to the test of.
Mthod P12.1oieduire 1, of MIL-STO-410. This tms shall be performed
prior to and following vibration and shoc testing of ti-ame tast tam.

4.6.5 there (a veftn the

eqta1ft sha I be suatoJ su ne L tes t lO 11.1. FrzcedurW 1.
of NIL.SM1041fl.
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4.7 1WetrneQtic interference.

4.7.1 Trec .MIRM-d IFURyence. The ail er shal be tested
for mplance vita the riquremnt.L of 3.S.1. Test rocedurs shall be

*: 1I accordance with ta t et mothods of N L-STMO-Z, Notice 3. A test
plan mat be prepared by the contrator and sutmited to the Governmunt
Yer approval prior to VU testng.

4.7.1.1 ndi and Groundin . Prior to performing the Em! tests
of 4.Tl cimpiane wih t bonding requirments of 3.6.2 and 3.6.3 shall
be ascertained. The bonding impedance shall be measured and the data
recorded in the 941 test report.

4.8 System Safmt

4.8:1 Safeevaluation. A safety evaluation shall be conducted by the
contractortoeeii that all personnel, equipmnt, and environmental
hazards have been identified and eliminated, in compliance with 3.13.

4.8.Z Safey Ins.ctiton. During acceptance inspection, a visual
inspection sil be performed to determine that all requirqmen@ts, as a
result of the safety evaluation, have been incorporated in the eqdipment.
Inability to meet the rMquirements of 3.13 shall constitute a failure of
the test.

4.9 Acceptance. Acceptance shal be based on the contractor's fulfillment
of the rM uoments of section 3 and the delivery and acceptance of all
ttms listed in section 4.

4.9.1 Preliminary quality Assurance 1PQA) - Preliminary testing, inspection
and acctance shall be conducted .in accordance wfth_.the Goverunt
approved -ContrRaCtr written test plan.(EO1)
4.q. 7 (06-n-)

4.9.3 Final Acceotance. Final acceptance will be conducted at Fort
Nommouth, after equipmn has been refurbished. at contractor's plant.
following 0T. Final Acceptance inspections and tests will consist of
the following: sections 3.9, 3.10, and 3.11 of this docuient and OA/OFF
tst, SITE, RF Power Out vs. RF Power In and Frequency and RF Power out
vs OL Power In and Frequency.

5.0 DeveloMn Testl 0peratlonal Testng I (0T/0T1). The equipment
Shall be submit=m to a QT/0Tl stage aftr preliminary acceptance hastaken place.

5.1 Developmnt Toting 1. Development tsting will be the responsibility
of th Goverment. The Goverrment reserves the right, if so desired, to
use the Preliminary Assurance Test as the Development test. If additional
OT is requred the location will be determined at that time. The contractor
shall be provided with a copy of the test plan, at least thirty (30) days
prior to start of test to review and coment.

5.2 0graQtional Test I. Operational Testing will be conducted immediately
fol aiDevepmenTesting. The Government will be responsible for the
Operational Testing. The contractor shall be provided with a copy of the
operational test plans, at least 30 days prior to start of test to review
and comit.

5. PACXASMNG
5.1 Equipment shall be packed and marked appropriately to prevent

dumge during shipment.
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APPENDIX A.2

MIL-STD-461B SUMMARY

A.2.1 INTRODUCTION

*The following paragraphs summarize key requirements of MIL-STD-461B for
elecromagnetic compatibility as related to the design of the 500-watt VHF
power amplifier.

* A.2.2 CE01 - CONDUCTED EMISSIONS, POWER AND INTERCONNECTING LEADS,
LOW FREQUENCY (30 Hz to 15 kHz)

*Emissions from DC supply leads to the amplifier are controlled. Limits are
established in Figure A.2-1, Curve 1 when measured in a 75 Hz effective
bandwidth.

A.2.3 CE03 - CONDUCTED EMISSIONS, POWER AND INTERCONNECTING LEADS,
15 kHz TO 50 MHz

Pi CE03 is applicable to DC supply leads to the amplifier. Limits are established
in Figure A.2-2, Curve 1 for narrowband emissions and Figure A.2-3, Curve 1 for
broadband emissions.

Key narrowband frequencies and limits for the VHF amplifier are:

FREQUENCY (kHz) LIMIT (dBuA) LIMIT (uA)

200 51 355
400 42 126
600 36 63
800 32 40
1000 29 28

A.2.4 CE06 - CONDUCTED EMISSIONS, ANTENNA TERMINALS, 10 kHz TO 3 GHz

This requirement limits spurious and harmonic signals at the antenna terminals.
Limits do not apply within +/- 5 percent of the carrier frequency.

Conducted emissions limits are:

1. Key-up or standby mode
Narrowband 34 dBuV (-73 dBm in 50 ohms)
Broadband 40 dBuV/MHz (-67 dBm/MHz in 50 ohms)

2. Harmonics
2nd and 3rd -67 dBc
4th and up -80 dBc

3. Spurious Signals
All -100 dBc
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A.2.5 CS01 - CONDUCTED SUSCEPTABILITY, POWER LEADS, 30 Hz TO 50 kHz

Amplifier response to externally-applied signals on the power lines is
controlled by this requirement. The requirement states that the amplifier

..- shall not malfunction or exhibit degraded performance or deviate beyond
specified specified tolerances when energy is injected into the power leads

at levels up to the limits of Figure A.2-4. An additional limit on the
source energy is when the source, when set to dissipate 50 watts in 0.5 ohms
cannot develop the required voltage at the input terminals, that level becomes
the test limit.

. A.2.6 CS02 - CONDUCTED SUSCEPTABILITY, POWER LEADS, 50 kHz TO 400 MHz

As with CSO1, the equipment shall not malfunction, etc. when the amplifier
power input terminals are subjected to a 1-volt signal from a 50-ohm source
into a 50-ohm load with a 1-watt source limit into the 50-ohm load.

A.2.7 CS06 - CONDUCTED SUSCEPTABILITY, SPIKES, POWER LEADS

As with CSO1, the DC power leads are subjected to an external spike and the
equipment shall not malfunction, etc. The external signal for this
requirement is a spike as defined in Figure A.2-5, with El equal to 100 volts
and t1 less than or equal to 10 microseconds.

A.2.8 RE02 - RADIATED EMISSIONS, ELECTRIC FIELD, 14 kHz TO 10 GHz

This requirement relates to radiated narrowband and broadband electric field
emissions from the amplifier case.

Narrowband requirements are shown in Figure A.2-6 and apply at the fundamental
and all spurious and harmonic frequencies. Above 30 MHz, both horizontally
and vertically polarized waves are limited.

Broadband requirements are shown in Figure A.2-7 and include radiated switching
transients resulting from automatic cycling of electronic or electrical
switching circuitry, keying of transmitters, or manual switching.

A.2.9 RS03 - RADIATED SUSCEPTABILITY, ELECTRIC FIELD, 14 kHz TO 10 GHz

The amplifier shall not malfunction, exhibit degraded performance, or deviate
beyond specified tolerances when subjected to radiated electric fields (both
vertical and horzontal polarization above 30 MHz) less than or equal to the
following levels:

FREQUENCY RANGE "E" FIELD MODULATION CHARACTERISTICS
(Hz) (V/M)

T 0 k - 2 M 1 AM, 50%, 1 kHz Tone
2 M - 30 M 5 AM, 50%, 1 kHz Tone

30 M - 76 M 10 FM, 8 kHz Dev., 1 kHz Tone
76 M - 400 M 10 AM, 50%, 1 kHz Tone

400 M - 2 G 10 Pulse, 0.1 microsecond, 400 PPS
2 G - 10 G 5 Pulse, 0.1 microsecond, 400 PPS
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APPENDIX A.3

MIL-STD-1275A SUMMARY

A.3.1 INTRODUCTION
The characteristics of 28-volt military vehicle power supplies as described

in MIL-STD-1275A (AT) and modified by the VHF amplifier specification are
summarized below.

A.3.2 POWER SOURCE CHARACTERISTICS

Three "commonly-occurringm conditions exist: Fault-free including (1) Combined
generator-battery supply or (2) Battery-only supply, and Single-fault including
3) Generator-only supply. An uncommon event is a multiple-fault condition

where both the battery and generator regulator fail. Limits for the supply
under these conditions are listed below.

- ..

GENERATOR BATTERY SINGLE MULTIPLE
BATTERY ONLY FAULT FAULT

1
Steady-State Voltage (V)

Max 30 27 33 100
Min 25 20 0 0

Ripple (Figure A.3-1)
Peak Voltage (+ and -) (V) 2 2 2
Frequency Range (Hz) 50-200 k 50-200 k 50-200 k

Surges Voltage 
(V)
Max 40 100 100
Min 18 15 15

Impedance (mohms) 20 500 500
Figure No. A.3-2 A.3-3 A.3-3

Spikes
Peak Voltage (+ and -) (V) 250 250 250
Figure No. A.3-4 A.3-4 A.3-5

Starting Disturbances
Initial Engagement

Min. Voltage (V) 6 6
Max. Time (Sec.) 1 1

Cranking Level
Min. Voltage (V) 16 16
Max. Time (Sec.) 30 30

1. Equipment-specified operating voltage limits are 22-32 VDC,
27.5 VDC nominal.
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APPENDIX A.4

RELIABILITY DERATING GUIDELINES
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